An attempt to incorporate relativistic kinematics in the description of light quark systems is made. It seems that the way of such an incorporation suggested by R.Gaida and his collaborators is very promising. Comparison of these results with the experimental data concerning a boson mass spectrum shows that this approach is among the best theoretical interpretations of the data. 05.20.-y, 03.30.+p Surprising success of non-relativistic quark models with a funnel or oscillator potential in describing hadron mass spectra for heavy quark systems has inspired the hope that at least some aspects of strong interactions are nally understood. A good insight into the previous works concerning this subject is given in 1-3]. But evidently the picture is not complete until it incorporates the light quarks u, d and s. But this means that the problem is shifting into a quantum chromodynamical sector. In this respect a search for the alternative possibilities of incorporating relativistic kinematics is quite actual. A very promising approach to the solution of the relativistic problem of interaction of two particles was recently suggested by R.Gaida and his collaborators 4-7]. Their results can be directly applied to our problem of calculating the mass spectrum of quarkonium as a system of two quarks. A somewhat di erent approach was simultaneously developed by I.Todorov and P.Bogolyubov 8-9], and later by E. Predazzi et al. 10]. In this work we shall investigate the results concerning the application of their ndings to light-quark systems. 
Surprising success of non-relativistic quark models with a funnel or oscillator potential in describing hadron mass spectra for heavy quark systems has inspired the hope that at least some aspects of strong interactions are nally understood. A good insight into the previous works concerning this subject is given in [1] [2] [3] . But evidently the picture is not complete until it incorporates the light quarks u, d and s. But this means that the problem is shifting into a quantum chromodynamical sector. In this respect a search for the alternative possibilities of incorporating relativistic kinematics is quite actual. A very promising approach to the solution of the relativistic problem of interaction of two particles was recently suggested by R.Gaida and his collaborators [4] [5] [6] [7] . Their results can be directly applied to our problem of calculating the mass spectrum of quarkonium as a system of two quarks. A somewhat di erent approach was simultaneously developed by I.Todorov and P. , and later by E.Predazzi et al . 10] . In this work we shall investigate the results concerning the application of their ndings to light-quark systems. First, let us follow the way suggested by Predazzi et al. [10] [11] [12] . Following the ideas expressed in 10, 11] and later developed in 12], let us start with the classical expression for the relativistic total energy of a two-particle system with masses m and M, respectively (4) where and are the usual Dirac matrices, is a four-component wave function for which we shall use the two-component representation (r) = ' (r) (r) ! : In the general case we would have to decide on this stage what kind of Lorentz-transform properties we shall ascribe to the interaction.
In general, the interaction can transform either like a Lorentz-scalar (like mass) or be a 4th component of a Lorentz-vector, i.e. transform like energy.Then we shall consider the interaction e V as a mixture f
where " is some mixing parameter. In what follows we shall simplify the expression for e V by taking " = 1=2 (which is suggested by the experimental data (see e. g. 14] and 15]) which means that (5) can be written in the form:
This form is chosen in order to obtain the simple nonrelativistic result e V = V if there is no di erence between S and V . Such a potential was introduced previously by V.Kukulin, M.Moshinsky et al. 16, 17] and was named an averaged potential. It allows one to reduce the system of Dirac equations to a single relativistic oscillator equation. In this particular case, when the scalar part S and the vector part V of potentials are equal, we shall consider the following possibilities: 
Today all of these potentials are used to describe the quark-antiquark interaction. The discussion concerning the advantages and handicaps of these potentials is given in 18]. Our aim is to apply these potentials to describing the meson mass spectra with relativistic kinematics which is built into equation (4). In comparison with 18], a search for the best description by minimizing 2 will be presented.
For an averaged potential (6) the equation (4) 
The physical solution of (6) (16) in full accordance with the nonrelativistic case (see e.g. 18]). Actually, for large total energies E, from (15) it follows that E 2 l 4=3 i.e. almost a linear Regge-trajectory as it should follow from general considerations. As we shall see, the application of other variants of the potentials gives even better results.
As we mentioned above, a very promising approach to the problem of the relativistic description of a many-particle system was elaborated along with the ideas presented by Gaida in 4] and elaborated by Tretyak, Shpytko and . They used the Weyl quantization method and succeeded in solving the problem for a relativistic oscillator between two particles.
Considering Usually such potential models, like the one we used here, are called naive quark models. But our model is not so naive. Firstly, the relativistic kinematics not only renders it more complicated, but shows a possible way of building the model of interaction of two relativistic particles. Secondly, the potentials like (7) 
where e is taken to be equal to e =0.14 GeV. And, nally, the model allows us to include a spin-spin interaction either by passing to the Breit-Fermi equation or by using the Dirac equation straightly. In table 1 s is taken exactly according to (19) . It is interesting to note that the de nition of mass can be given in a di erent way. Considering one particle as moving in the eld of another, and vice versa, and adding the obtained masses we obtain the results with the parameters which correspond very closely to our table 1. Namely, one can write down the Dirac equation for one particle moving in the outer eld, reduce it to the equation for the \large" component (r) and obtain 20]: E 2 ? m 2 (r) = p 2 (r) + (E + m) V (r) : (20) Applying the virial theorem to this equation, D (y) p 2 (y) (y) E = 1 2 * (y) y @V @y (y)
Combining (20) and (21) (17), (18) .
To obtain the masses of a multi-quark system according to these expressions, it is necessary to de ne the values of the parameters. The masses of quarks were taken to be m u = 0:33 GeV, m c = 1.675-1.75 GeV, m b = 5.05-5.1 GeV, as usual in quark models. Parameters for di erent potentials are shown in table 1. The results of the calculation, together with the experimental data, are shown in tables (3) (4) (5) (6) . The experimental values were taken from 22]. For choosing the parameters the minimum of the 2 ?criterion was used, with the de nition of 2 given in 18]. In this de nition N is the number of meson masses, n is the number of parameters (in our case two parameters, namely, a con nement parameter and V 0 ); is an experimental error in the de nition of experimental mass M EXP of a two-quark system 22]. Since V 0 is chosen to match the experimental value of the ground-state mass, we are actually left only with one adjustable parameter A (or k). Since we do not include LS-forces, we have to take the average center of gravity (COG) value of P-resonances which is calculated according to the formula:
As one can see from both the radial and orbital excitation calculation, the variant which incorporates in one or another way the relativistic kinematics gives a better description of the Regge trajectories which are believed to be linear in l for M 2 :
It is well known that even in a non-relativistic limit one can obtain a good description of uu?dd-systems on account of spoiling the cc of bb-description.
Indeed, in table 2 we show 2 obtained for the Eichten parameters. Due to a high precision of de ning J/ and -mesons, large 2 are considered good for these mesons and bad for a -meson trajectory. On the other hand, the nonrelativistic Badalyan 23] results are good for uu, but bad for J/ : Fabre 24] , in order to obtain good results for light quarkonium, had to change the potential itself. Instead, using our way or incorporating relativistic kinematics we obtain good results for all the data. Table 2 demonstrates this statement. Table 3 contains a comparison of di erent potentials. The discussion concerning the choice of the potentials is given in 18]. We shall choose in what follows the Cornell-potential (7b) which seems to be preferrable, though potential (7c) is also quite good. The parameters s here are taken from table 1. The uu-data are fantastically good, but cc and bb-data could be better. Therefore, in tables 4-6 we give the results for k = 0:29 GeV 2 . We consider these results the best. It is interesting that the values which give these results are close to those of Lucha and Sch oberl 3]. We want to stress that all the above results are obtained by the numerical solution of (10) . The last columns in (4 ? 6) are calculated according to (18) . With the choice A = 0:071 GeV 3 ; V 0 = ?1:0077 GeV, m u = 0:33 GeV, m c = 1:75 GeV, m b = 5:13 GeV the results are quite comparable with other entries. But still we have to conclude that a pure oscillator potential is too rough to give the nal result. A more sophisticated potential is to be taken here too. But it clearly demonstrates that the inclusion of relativistic kinematics is crucial.
We would like to emphasize one interesting feature of relativistic models, namely, that the slope of a linear (or close to linear) Regge trajectory in this case is constant, while in nonlinear models it is neither constant nor linear. The experiments show this slope to be equal to 1:2 GeV 2 : In our cases it varies from 1.15 to 2.5 GeV 2 . As Tutik et al. 25 ] have indicated, the Regge trajectories for low-lying states coincide, while for large values of orbital momentum l the screened potential (7c) leads to a limited Regge trajectory in contrast to in nitely rising tragectories for other potentials, like (7a) or (7b). 
